Introduction Over half of all gallbladder carcinoma (GBC) is discovered incidentally after cholecystectomy for benign disease. There are scant data comparing presentation and outcome for patients with incidental versus suspected GBC. The goal of this study is to determine the clinical differences between these two entities. Study Design Patients with GBC were identified retrospectively from records at academic healthcare institutions in Temuco, Chile; Atlanta, GA; and Rochester, MN between 1984 and 2008. Overall survival was compared for patients with and without preoperative suspicion using Kaplan-Meier curves and a multivariate Cox proportional hazards model. Results Of 571 patients, 128 (22.4 %) had preoperative suspicion of malignancy, and 443 (77.6 %) were discovered incidentally. Incidental tumors were of lower stage, better differentiated, and with lower rates of metastases. Median survival for incidentally discovered GBC was 32.3 versus 5.8 months for suspected GBC (p<0.0001). In a Cox proportional hazards model controlling for operation extent, T stage, differentiation, and other factors, preoperative suspicion remains a strong risk factor (odds ratio, 2.0; confidence interval, 1.5-2.9; p<0.0001). Conclusions Tumor characteristics differed significantly between patients with incidentally discovered versus preoperatively suspected GBC. Incidental GBC has a significantly better median survival.
Introduction
Gallbladder carcinoma (GBC) is the fifth most common gastrointestinal malignancy in Western countries, with approximately 5,000 new cases diagnosed annually in the USA. 1 Symptomatic GBC generally presents at an advanced stage and carries a very poor prognosis. However, up to 61 % of GBC are diagnosed incidentally during surgery for benign disease or on postoperative histology. 2, 3 Depending on regional prevalence, between 0.1 and 6 % of all patients undergoing cholecystectomy will have an incidental discovery of GBC. 1, 4, 5 Several retrospective studies have examined prognostic factors for patients with GBC. Tumor stage, according to the American Joint Committee on Cancer (AJCC) staging system, is the strongest overall predictor of patient survival.
Other prognostic factors include the extent of surgical resection, lymph node status, age, and sex. 6, 7 The presentation and management of incidental GBC have been described previously. 8 There are scant data, however, on the importance of incidental discovery of GBC as a prognostic indicator of patient survival. Incidental GBC may represent early-stage cancer that would eventually progress to symptomatic disease, or it may represent a unique histological entity with a different prognosis.
The current study examines multicenter data from Chile and the USA in an effort to understand the clinical differences between incidental and suspected GBC. We hope to explore the impact of time of diagnosis on survival in patients with GBC and the interaction between preoperative suspicion and other known prognostic factors, including tumor stage.
Methods

Patient Population and Data Collection
Patients were identified from the prospectively maintained surgical records of three healthcare centers with academic affiliation in Atlanta, GA; Rochester, MN; and Temuco, Chile. Records were reviewed for 571 patients with A manual retrospective chart review was performed to record age at operation, gender, presence of associated cholelithiasis, stage at presentation, and histologic characteristics. Operative characteristics were also recorded, including the extent of surgical resection. For the purpose of the analysis, this was dichotomized to cholecystectomy alone or cholecystectomy with liver resection. Suspicion of malignancy prior to operation was ascertained based on preoperative records. Patients were considered to have preoperative suspicion of cancer if either the surgeon's notes or the radiologist's interpretation of a preoperative imaging study contained any suspicion of nonbenign gallbladder disease. The types of imaging studies obtained prior to the operation leading to the diagnosis were also recorded. The amount of time between the operation and the date of last follow-up was recorded along with status (alive or deceased) at last follow-up.
Stage at presentation is recorded in accordance with the AJCC Staging Manual, sixth edition, as data collection was performed prior to the release of the AJCC seventh edition. Although the recent edition includes changes to staging of GBC, the definition of primary T stage is identical between the two editions. 9, 10 To validate the multicenter data, pathologists at the Temuco and Atlanta centers randomly reviewed histologic features of a selected portion of the dataset. The sample group demonstrated over 90 % agreement between centers.
Statistical Analysis
Patient characteristics were compared using either chisquare test of independence or Fisher's exact test for categorical variables and two-sample t test for continuous variables. Survival analysis was performed using the KaplanMeier method.
11 Differences in observed survival distributions among patient groups were compared by two-sided log-rank test. Survival time was measured from the date of operation until the date of last follow-up or the date of death from any cause. For multivariate survival analysis, a Cox proportional hazards model was carried out. 12 Potential covariates were examined in univariate analyses. All variables found on univariate analysis to be significant predictors of mortality were included in the final proportional hazards model, unless more than 10 % of data was missing for a particular covariate.
The predictive value of the selected variables on mortality from all causes was analyzed using a multivariate logistic regression model. The same candidate covariates used in the Cox model were considered in a stepwise fashion for the final logistic regression (p00.10 for entry and p00.05 to remain in the model). Forward and backward selection procedures were used to validate the stability of the model; the same covariates were selected regardless of selection procedure. All statistical tests were performed using the SAS 9.2 statistical software package for Windows (SAS Institute Inc, Cary, NC, USA). 
Results
Study Population
Of 571 patients identified on chart review following surgery for adenocarcinoma of the gallbladder, 443 were discovered incidentally and 128 were suspected on preoperative imaging. Patient characteristics are compared in Table 1 . The two cohorts were similar in age and gender, but tumor characteristics differed significantly. Only 14 % of suspected tumors were well differentiated, versus 28 % of incidentally discovered tumors (p00.0013). Rates of nodal metastases (p00.0001) and perineural (p<0.0001), perilymphatic (p< 0.0001), and perivascular invasion (p<0.0001) were also significantly higher in tumors suspected preoperatively. T stage also differed, with significantly more T0 cancers in the incidental group (17 versus 3 %, p00.0002; see Table 1 ). Tumor characteristics also differed significantly depending on geography, and are compared in Table 2 . The three centers had similar distributions of gender (83 % female in Chile versus 71 % in Atlanta and 75 % in Rochester, p00.0922) and age (mean age 62, 64, and 65 years, p00.1752). The types of GBC seen at each center, however, differed significantly. In Chile, 11 % of cancers are suspected preoperatively, compared with 50 % in the Atlanta cohort and 76 % in the Rochester cohort. In Chile, 98 % of patients were diagnosed with cholelithiasis, compared with 78 % in Atlanta and 77 % in Rochester (p<0.0001). No patients in Rochester or Atlanta had T0 cancer, but 16 % of tumors in Chile were stage T0 (p< 0.0001). Indications of aggressive disease, including nodal metastasis and perineural, perivascular, and perilymphatic invasion, are all significantly more common in the American centers (p<0.0001, see Table 2 ).
Treatment plan is compared in Table 3 . Patients with preoperative suspicion of disease had a much higher likelihood of not undergoing resection (46.1 versus 3.7 %, p< 0.0001). Only 29.7 % of preoperatively suspected cancers were treated with isolated cholecystectomy; 8.6 % had concomitant liver resection and 15.6 % had a two-stage operation with deferred liver resection. In patients without preoperative suspicion, 89 % of patients are treated with cholecystectomy alone.
The type of preoperative imaging also differed between the different patient groups. The majority of patients with incidentally discovered cancer were evaluated with ultrasound alone (408, 89 %). For the remaining patients, 6 (1.4 %) had no preoperative imaging, 16 (4 %) were evaluated with MRI, and 8 (2 %) received more than one imaging study prior to operation. In comparison, 52 patients (43 %) with preoperative suspicion of cancer were evaluated with ultrasound alone, while 35 (29 %) received MRI studies and 33 (27 %) were evaluated with more than one imaging modality.
Survival Data
The median survival time for incidentally discovered GBC was 32.3 months. Suspected GBC had a median survival time of 5.8 months. The difference in survival was statistically significant (log-rank test p < 0.0001; Fig. 1) . The patients were then stratified based on AJCC T stage. Separate Kaplan-Meier curves were created to assess the effect of preoperative suspicion in patients with stage T0-T1 and patients with stage T2-T4 cancers. In both cohorts, the survival difference remained statistically significant (p0 0.0097, Fig. 2 and p<0.0001, Fig. 3 ).
Patients were also stratified based on country of origin to address the different tumor characteristics seen in each population (Table 2) . In both cohorts, preoperative suspicion remained a strong predictor of mortality (p<0.0001; Figs. 4 and 5).
The patient and operative characteristics were analyzed in a univariate logistic regression model with mortality at 1 year as the outcome. The variables with a significant (defined as p<0.05) correlation in a univariate analysis were: preoperative suspicion of cancer, age, T stage (dichotomized as T0/T1 versus T2-T4), degree of differentiation,
Discussion
Over 50 % of GBC are detected incidentally after surgery for benign disease. Approximately 0.2 % of patients undergoing cholecystectomy will have an incidental discovery of GBC. 13, 14 As the number of cholecystectomy operations increase, it is likely that the number of incidentally discovered GBC will also increase. An incidentally discovered GBC forces a rapid decision on the surgeon during the initial operation and presents an unexpected challenge to patients postoperatively. In order to effectively manage the (Table 4) . Preoperative suspicion remained a significant predictor of survival when controlling for other risk factors (p<0.0001; HR, 2.042). In a multivariate logistic regression analysis, the same variables were considered in a stepwise fashion with p<0.10 with 1-year mortality as the dependent variable. Age at surgery, T stage, degree of differentiation, and preoperative suspicion were found to be significant predictors of mortality. In this final model, preoperative suspicion remained a strong predictor (OR, 4.86; 95 % CI, 2.34-10.08, p<0.0001; Table 5 ).
disease and counsel patients regarding the diagnosis, it is necessary to understand the prognosis of incidental GBC. Many studies designed to analyze prognostic factors for survival with GBC do not consider preoperative suspicion of cancer. 6, 7 In one of the few studies attempting to stratify patients on the basis of preoperative suspicion, Lohe et al. performed a retrospective analysis of 152 patients with GBC to assess the effect of time of diagnosis on patient survival. Although time of diagnosis was strongly predictive of survival in a univariate analysis, the association disappeared when patients were stratified by stage. They conclude that only tumor stage and extension of resection are significant predictors of patient survival. 2 Drawing from multiple centers, the current study is able to address this question in a much larger sample. Our results indicate that incidental GBC carries a significantly improved prognosis in both univariate and multivariate analyses. When patients are stratified by T stage, early T0-T1 cancer (Fig. 2) and late-stage T2-T4 disease (Fig. 3) still differ significantly on the basis of preoperative suspicion (p<0.01 in both groups). It has been theorized that the survival difference seen with incidental GBC is an example of lead-time bias, and that the incidentally discovered tumors are simply of earlier stage than those that present clinically. To assess this explanation, we performed multivariate analyses controlling for T stage and degree of differentiation. In these models, the association between preoperative suspicion and survival remains (Tables 2  and 3 , p<0.0001). Although incidentally discovered cancer does tend to be earlier in stage with better differentiation (Table 1) , these factors do not sufficiently explain the survival benefit conferred by an incidental diagnosis.
The current study also presents data from three separate institutions with large hepatobiliary surgery services. This is both a strength and a potential weakness of our data. The frequency of GBC differs significantly in different geographic regions. 15 The disease is endemic in Chile when compared to the rates in American centers. Additionally, the frequency and type of preoperative imaging in Chile differ when compared to Atlanta or Rochester. A significantly larger proportion of GBC is detected incidentally in Chile, likely reflecting a difference both in prevalence and hospital protocol or access to care. Even within American centers, 50 % of GBC is detected incidentally in Atlanta versus 24 % in Rochester. This difference likely represents the different specializations of the two centers and the likelihood of a patient being referred to each center after receiving a diagnosis of GBC on imaging elsewhere.
The multicenter patient population also allows for a larger sample size than would be possible in a single center. In a Kaplan-Meier plot looking at survival as a function of preoperative suspicion in the Chilean cohort separate from the American cohort (Figs. 4 and 5) , preoperatively suspected cancers continue to have a significantly shorter mean survival. The multiple centers remain as a potential confounder, however, as patient, tumor, and institutional characteristics in each country are significantly different. More extensive data are needed to fully examine the potential effect of geographic, genetic, and procedural factors.
We also examine the differences in definitive operations for these groups. Patients with suspicion of cancer prior to surgery are more likely to be found inoperable at time of diagnosis (46 % of these patients undergo no resection; Table 3 ). In our dataset, a greater percentage of preoperatively suspected cancers are offered a two-step operation, with a deferred resection of the gallbladder fossa (15.6 versus 4 %, p<0.0001). It is likely that this reflects the earlier stage of cancers found without preoperative suspicion. It is also possible that our dataset misses some two-stage operations for those patients who obtain further surgery at a different institution. A further study to specifically examine the impact of planned cholecystectomy with liver resection, versus patients with a deferred liver resection, would be valuable.
Early-stage diagnosis and treatment, as well as varying pre-and intraoperative techniques, certainly impact survival with GBC, but they do not adequately explain the significance of incidental diagnosis. Controlling for age, extent of surgery, the presence of gallstone disease, country of origin, and stage of tumor are unable to explain the association (Tables 4 and 5) . We hypothesize that these data may suggest a previously unrecognized histological difference between cancer that becomes symptomatic and that which is detected only incidentally. It is possible that the growth patterns in these two situations differ biologically and carry different prognoses for the patient. Further research is warranted to fully understand the implications of the current study. In univariate and multivariate analyses, controlling for known risk factors and stratifying by presumed confounders, preoperative suspicion remains one of the strongest predictors of survival for patients with gallbladder cancer. Whether this represents an unknown biologic difference between incidental and suspected cancer is not yet clear. The current implications of our data lie in allowing surgeons to better counsel patients regarding an unexpected diagnosis of gallbladder cancer. This disease continues to carry a very poor prognosis, and the current study may help in defining expectations for this patient population.
